Adjustments of serine proteases of Daphnia pulex in response to temperature changes.
Elevated temperatures considerably challenge aquatic invertebrates, and enhanced energy metabolism and protein turnover require adjustments of digestion. In Daphnia, the serine proteases chymotrypsin and trypsin represent the major proteolytic enzymes. Daphnia pulex acclimated to different temperature conditions or subjected to acute heat stress showed increased expression level of serine proteases with rising temperatures. Transcripts of trypsin isoforms were always present in higher amounts than observed for chymotrypsin. Additionally, trypsin isoform transcripts were induced by elevated temperatures to a larger extent. Correspondingly, trypsin activity dominated in cold-acclimated animals. However, the enzymatic activity of chymotrypsin increased at elevated temperatures, whereas trypsin activity slightly decreased, resulting in a shift to dominating chymotrypsin activity in warm-acclimated animals. Zymograms revealed eight bands with proteolytic activity in the range of 20 to 86 kDa. The single bands were assigned to trypsin or chymotrypsin activity applying specific inhibitors or from casein cleavage products identified by mass spectrometric analysis. The total amount of proteolytic activity was elevated with acclimation temperature increase and showed a transient decrease under acute heat stress. The contribution of the different isoforms to protein digestion indicated induction of chymotrypsin with increasing acclimation temperature. For trypsin, the share of one isoform decreased with elevated temperature, while another isoform was enhanced. Thus differential expression of serine proteases was observed in response to chronic and acute temperature changes. The observed phenotypic plasticity adjusts the set of active proteases to the altered needs of protein metabolism optimizing protein digestion for the temperature conditions experienced in the habitat.